Objective: To assess serum retinol, liver intake patterns, breast-feeding history and anthropometric status in pre-school children of a low socio-economic community where liver is regularly consumed. Design: Cross-sectional study. Setting: Northern Cape Province, South Africa. Subjects: Children aged 1-6 years (n 243) who attended the local primary healthcare facility and had not received a vitamin A supplement in the 6 months preceding the study. Non-pregnant female caregivers (n 225), below 50 years of age, were also assessed. Results: Despite stunting, underweight and wasting being prevalent in 40?5 %, 23?1 % and 8?4 % of the children, only 5?8 % had serum retinol concentrations , 20 mg/dl, which is in sharp contrast to the national prevalence of 63?6 %. None of the caregivers were vitamin A deficient. Liver was eaten by 89?2 % of children, with 87 % of households eating liver at least once monthly and 30 % eating it at least once weekly; liver was introduced into the diet of the children at a median age of 18 months. Ninety-three per cent of the children were being breast-fed or had been breast-fed in the past; children were breast-fed to a median age of 18 months. A significant negative correlation was found between educational level of the caregiver and frequency of liver intake (r 5 20?143, P50?032). There was no correlation between serum retinol and indicators of anthropometric or socio-economic status. Conclusions: The blanket approach in applying the national vitamin A supplementation programme may not be appropriate for all areas in the country, even though the community may be poor and undernourished.
Vitamin A deficiency continues to be a public health problem in many developing countries and is estimated to affect 190 million pre-school children globally (1) . The primary cause of vitamin A deficiency is insufficient intake of animal products containing preformed vitamin A or plant foods containing b-carotene. Supplementing children between 6 months and 5 years of age with vitamin A has been shown to reduce all-cause mortality by 23-34 % (2) (3) (4) . As a result, periodic high-dose vitamin A supplementation has been recommended in countries where more than 15 % of the under-5 population have serum retinol concentrations below 20 mg/dl (5) , or where the under-5 mortality rate exceeds 70 deaths per 1000 live births (6) . In South Africa, a national high-dose vitamin A supplementation programme, targeting 6-59-month-old children at public health facilities, as well as postpartum women within 6-8 weeks after delivery, was introduced in 2002 (7) . While vitamin A supplementation undoubtedly has benefits and has been shown to save lives in severely vitamin-A-deficient children (8) , there are indications that high-dose vitamin A supplementation may increase morbidity in children who are not deficient in vitamin A, especially with regard to lower respiratory tract infections (9) . Concerns regarding the universal application of vitamin A supplementation have been expressed by several authors in the past (10) (11) (12) , and more recently in a comprehensive commentary by Latham (13) , in which he challenges the wisdom and validity of regularly providing massive doses of vitamin A to children, especially those who are not vitamin A deficient. Latham argues that vitamin A capsules were originally intended as a shortterm emergency measure for areas where severe vitamin A deficiency is present, that it is not sustainable, and that it may act as a policy barrier impeding more sustainable food-based approaches. He further maintains that vitamin A programmes do not reach the 10-20 % in greatest need and moreover that there is no certainty that vitamin A programmes are not doing harm in populations where vitamin A status is sufficient (13) . In South Africa, according to a recent survey, the national prevalence of vitamin A deficiency (serum retinol ,20 mg/dl) in 1-9-year-old children is 63?6 % (14) . However, South Africa is a country that is diverse in terms of culture, geography and socio-economic status, and this diversity is also reflected in the eating habits of its population. Vitamin A deficiency, for example, varies between provinces, with the prevalence being the highest in KwaZulu-Natal (88?9 %) and the lowest in the Northern Cape (23?0 %) (14) . There may also be pockets where, due to unique eating patterns, vitamin A deficiency may not be present at all. Baseline data from an Fe fortification trial in 6-9-year-old schoolchildren from a Northern Cape community during 2002 showed that vitamin A deficiency, contrary to expectation, was virtually absent despite high levels of poverty, stunting and underweight (15) . These children were not exposed to vitamin A supplementation during their pre-school years and further investigation revealed a regular intake of liver (15) , which is a concentrated source (16) of preformed vitamin A. The prevalence of vitamin A deficiency in the under-5 s from this community, i.e. the age group targeted by the vitamin A supplementation programme, is not known. The aim of the present study was to assess serum retinol, liver intake patterns, breast-feeding history and anthropometric status in the pre-school children of this 'liver eating' community, and to also obtain information on the vitamin A status of the caregiver.
Methods

Study population and design
The study was undertaken in Calvinia-West. This is the low socio-economic section of the town of Calvinia, which is situated in the Hantam district of the Northern Cape Province and approximately 470 km north of Cape Town. The area is characterised by arid conditions, and plant foods are not cultivated or frequently consumed in the area. Sheep farming is the main industry. The Northern Cape Province is the largest of the nine South African provinces, but the smallest in terms of population size, and has the highest levels of stunting and underweight in the country (14) . The study was a cross-sectional one of the pre-school children and their female caregivers attending the primary health-care facility in Calvinia-West during the period April to November 2008. Because national data showed the prevalence of vitamin A deficiency in the 7-9-year-old age group to be also above 60 % (14) , all pre-school children visiting the health facility, irrespective of age, were included in the study. Assuming a vitamin A deficiency prevalence of 5 %, and specifying the precision level of a two-sided 95 % CI as 3 %, a sample size of 203 was required, using the 'Large Sample Normal Approximation'. For inclusion in the study, the child should have been accompanied by the caregiver who was responsible for the child's food, and should not have received a vitamin A supplement in the 6 months that preceded the assessment date (i.e. was due for his/her next vitamin A supplement according to national supplementation protocol, whereby children aged 6-11 months should receive a single dose of 100 000 IU (30 000 mg retinol equivalents, RE) and children aged 12-59 months receive a dose of 200 000 IU (60 000 mg RE) every 6 months). The term 'caregiver' includes the child's biological mother and is used as such throughout the text. If a child presented with a fever he/she was not recruited for the study. Only nonpregnant caregivers below 50 years of age were included for anthropometric and biochemical measurements. If a caregiver visited the health facility with more than one child, the other children were also included in the study, but the caregiver's anthropometric and vitamin A status was not assessed again. Door-to-door visits, as well as the local radio station, were used to inform mothers and caregivers about the project, and to encourage them to bring their children to the health facility. This resulted in those who do not regularly attend the facility also being surveyed. A nationwide vitamin A supplementation campaign took place during September 2008 but, at the request of the researchers, was postponed in the Calvinia area until after completion of our study.
The study was approved by the Ethics Committee of the South African Medical Research Council, and permission was obtained from both the provincial and national Departments of Health. Written informed consent was obtained from the caregiver of each participant.
Measurements
Biochemical indicators
Blood (5 ml) from the caregiver and child was obtained via antecubital venepuncture, before the child received a vitamin A supplement as per protocol. Blood was centrifuged at the site, using a portable centrifuge, and serum removed and stored at 2208C until collected by a member of the research team who visited the study site at regular intervals. Care was taken throughout the process to protect blood samples from direct sunlight. At the Medical Research Council in Cape Town, samples were stored at 2808C until analysed. Serum retinol was determined, under dimmed light, by a reversed-phase HPLC method which is based on the method described by Catignani and Bieri (17) .
The CV (intra-and inter-assay) for this method is ,4 %. Serum C-reactive protein (CRP) was measured as an indicator of infection by means of an ELISA method (DRG Diagnostics, Marburg, Germany).
Anthropometric indicators
Weight was measured in light clothing and without shoes to the nearest 0?05 kg using an electronic load cell scale (UC-321 Personal Precision Health Scale; A&D Company, Ltd., Tokyo, Japan). The accuracy of the scale was checked against a standard weight at regular intervals. Recumbent length of children younger than 2 years was measured to the nearest 0?1 cm on a horizontally placed measuring board with a fixed headboard and a moveable foot-piece. Height of the caregivers and children aged $ 2 years was measured to the nearest 0?1 cm using a wooden board with a fitted measuring tape and a moveable head-piece. Measurements were taken by trained fieldworkers whose measurements and technique were validated against that of a researcher. Height and weight were expressed as height-for-age, weightfor-age and weight-for-height Z-scores using the WHO growth standards (18) . Date of birth and birth weight were obtained from the child's Road to Health card (RTHC).
Questionnaire information A questionnaire, administered through an interview with the caregiver, was used to obtain information on socioeconomic status, liver intake and breast-feeding history. History of vitamin A supplementation (dosage and date) was obtained from the child's RTHC.
Statistical analysis
Data were checked for normal distribution by using the Kolmogorov-Smirnov test for normality and analysed using the PASW (formerly SPSS) statistical software package version 18?0 (SPSS Inc., Chicago, IL, USA). Continuous data were expressed as mean (standard deviation or 95 % confidence interval) or when not normally distributed as median (interquartile range). Categorical data were reported as percentages. Spearman's correlation coefficients were used to test for correlations between continuous variables. P values below 0?05 were considered statistically significant.
Results
The study comprised 243 pre-school children and 225 caregivers. The characteristics and socio-economic status of the study population is given in Table 1 . The majority (89?3 %) of the caregivers were the biological mother of the child. The age of the children ranged between 1 and 6 years, with the majority being between 2 and 4 years old. Approximately half of the caregivers were single, i.e. had never been married nor lived with a partner. Only 15 % completed high school, while 33 % had 7 years or less of schooling. About 72 % were unemployed, and about 37 % were dependent on a relative or social grant as their main source of income.
The anthropometric status of the children and caregivers is shown in Table 2 . The prevalence of stunting, underweight and wasting was approximately double the national prevalence and, according to WHO criteria, can be classified as 'very high', 'high' and 'medium to high', respectively. Birth weight was below 2500 g in 28?1 % of the children. Only 12?2 % of caregivers were underweight (BMI , 18?5 kg/m 2 ), but 28?8 % were stunted using the WHO height-forage reference median for 18-year-old girls and assuming the caregiver's height had not changed since.
None of the children were exposed to vitamin A supplementation in the 6 months before the study, and almost 40 % had never received a vitamin A supplement; 77 % received no supplements in the past 18 months (Table 3 ). There was no correlation between supplementation history (months since last supplement) and serum retinol levels of the child. The serum retinol status of the children and their caregivers is shown in Table 4 and Fig. 1 . Mean serum retinol in the children was 31?3 mg/dl, and only 5?8 % were vitamin A deficient (serum retinol , 20 mg/dl), which is considerably lower than the national prevalence of 63?6 %. None of the children had serum retinol concentrations , 10 mg/dl. In the caregivers, mean serum retinol was 55?1 mg/dl, which is double the national mean. None had serum retinol concentrations , 20 mg/dl, while 9 % (nineteen individuals) presented with serum retinol concentrations in excess of 75 mg/dl, and two individuals with levels above 100 mg/dl. There was a significant positive correlation between the serum retinol concentration of the caregiver and that of the child (r 5 0?156; P 5 0?023). CRP concentrations were raised in 6?4 % of the children and in 16?3 % of the caregivers, which was similar to the national figures (Table 4) . Morbidity data, retrospectively collected during the survey, showed diarrhoea to have occurred in 2?9 % and acute respiratory infections in 16?0 % of the children during the 4 weeks that preceded the study. A significant negative correlation between CRP and serum retinol levels in both the child and the caregiver was found (r 5 20?225; P 5 0?001 and r 5 20?181; P 5 0?011, respectively). When CRP concentrations $ 10 mg/l were excluded from the data set, the prevalence of vitamin A deficiency in the children was 4?9 %. There was no significant correlation between serum retinol levels and the age or anthropometric status of the child, or any of the measured indicators of socio-economic status.
The liver-eating patterns of the study population are shown in Table 5 and Fig. 2 . Liver was eaten in almost all households (98?2 %), while almost 90 % of the pre-school children reportedly ate liver; 57 % of households ate liver during the 2 weeks that preceded the study. Liver was introduced into the diet of the child at a median age of 18 months, and 45 % had been eating liver from the age of 12 months or younger. The majority of households (87 %) ate liver at least once monthly while as many as 30 % reported eating liver at least once weekly (Fig. 2) . There was a significant negative correlation between educational level of the caregiver and the frequency of liver intake in the household (r 5 20?143; P 5 0?032), but no correlation between the frequency of liver intake and serum retinol in either the mother or the child. Ninety-three per cent of the children were either being breast-fed at the time of the study or had been breast-fed in the past. Children were breast-fed to a median age of 18 months ( Table 6 ). The liver-eating patterns of the breast-feeding mothers did not differ from those of the mothers not breast-feeding at the time of the study.
Discussion
Vitamin A deficiency is usually associated with low socio-economic conditions and poor anthropometric status (1, 14, 19, 20) . However, in the present study, despite high levels of poverty, stunting and underweight, subclinical vitamin A deficiency was prevalent in only 5?8 % of the pre-school population. No correlation was found between serum retinol and socio-economic or anthropometric status. The virtual absence of vitamin A deficiency in this Northern Cape community is in sharp contrast to the national prevalence of 63?6 % (14) , and likely to be due to a regular consumption of liver by both the mother and the child, as well as a breast-feeding prevalence of more than 90 %.
Sheep farming is the main industry in the area and abattoir activities take place on a daily basis. Owing to this there is a regular surplus of organ meat, which is not exported to other parts of the country, resulting in liver being available in this community at low cost (,$US 0?5/kg liver) and often distributed via informal trading. The inverse relationship between educational level and frequency of liver consumption suggests that it is the poorer people, i.e. those most vulnerable to vitamin A deficiency, who consume liver most. It would thus appear as if this impoverished community has an inherent 'survival mechanism' that protects them against vitamin A deficiency. This regular consumption of liver by the poor is in contrast to elsewhere in Africa where cost was shown to be a major factor limiting liver consumption (21) . The lack of correlation between frequency of liver intake and serum retinol concentrations is probably a reflection of the adequate vitamin A status of this population; serum retinol is known to be homeostatically controlled and reflects body stores only when the latter are very low or very high (19) . In the South African national survey (14) , children were included for vitamin A measurements irrespective of whether they received a high-dose vitamin A supplement during the previous 6 months or not. One of the strengths of our study is that children who received a vitamin A supplement during the preceding 6 months, according to their health card records, were not included in the study. The adequate vitamin A status in this population is therefore unlikely to be attributed to the vitamin A supplementation programme. This is further supported by the fact that 77 % of the children had not received a vitamin A supplement during the last 18 months, and that as many as 40 % had never been exposed to vitamin A supplementation in the past. [14] . -Height-for-age (n 232), --weight-for-age (n 242) and yweight-for-height (n 191) Z-scores ,22 SD of the WHO reference median; the National Center for Health Statistics reference standards were used in the national survey and, when applied to our study population, the prevalence of stunting, underweight and wasting was 33?6 %, 26?0 % and 10?3 %, respectively. JHeight-for-age Z-score ,22 SD of the WHO reference median for girls aged 18 years. Liver is an excellent, but often underappreciated, source of preformed vitamin A, with sheep liver containing approximately 7800 mg retinol activity equivalents (RAE)/100 g (16) . The estimated average daily requirement (EAR) for children aged 1-3 and 4-8 years is 210 and 275 mg RAE, respectively (22) . This translates into a liver intake of only 3?5 g/d (or the equivalent of only 98 g liver/ month) necessary to meet the vitamin A requirement of a 4-8-year-old child. We did not quantify liver intake but, based on previous unpublished observations, as well as preliminary data from a current study quantifying dietary intake in this population, an average portion size of 60 g in this age group was assumed. A 4-8-year-old child who consumes liver twice monthly would thus have 121 % (334 mg RAE) of his/her daily vitamin A needs met by the liver intake alone. Those who consume liver once weekly would have 243 % (669 mg RAE) of their vitamin A needs met, while those who consume liver twice weekly or more would have a vitamin A intake of at least 1337 mg RAE/d, i.e. 4?9 times the EAR and exceeding the upper intake level (UL) of 900 mg RAE by 48 %. These estimates do not take into account the contribution of other foods containing vitamin A, such as bread or maize meal, which *South African national food consumption survey [14] .
-1 mg/dl 5 0?035 mmol/l.
--Mean and 95 % CI. yPrevalence and 95 % CI.
JFor CRP, n 220 (children); n 196 (caregivers); n 1429 (SA children); n 1939 (SA women). are fortified with vitamin A and several other micronutrients, according to the national food fortification regulations (23) . Bread is a staple food in this community, and assuming a consumption of 4 slices daily, an additional 80-90 mg RAE would be provided by bread.
Liver is also a good source of other micronutrients such as Fe, Zn and B-vitamins (16) . However, in relation to its vitamin A content, liver contains considerably less of these micronutrients, and to meet the EAR for Fe and Zn, for example, liver would have to be consumed on a daily basis. Besides this not being feasible, liver, if eaten every day, may lead to an overload of vitamin A, as seen in case reports where liver, eaten several times a week for extended periods, resulted in severe cases of toxicity in young children (24, 25) and adults (26) . The food-based approach is being advocated as the preferred way to prevent and control micronutrient deficiencies (27) . In the study community, liver is a favourite food, especially among poorer people, and a sustainable food-based vitamin A 'intervention' is therefore already in place. A concern in this low socio-economic Northern Cape community, however, is the high levels of stunting and underweight compared with the rest of South Africa. While vitamin A requirements are being met by the intake of liver, the children from this community are likely to suffer deprivation of various other nutrients, including Ca. There are, for example, indications of limited intakes of milk (other than breast milk), fresh fruit and vegetables in this population (J Nel, unpublished results). Providing children with regular high-dose vitamin A capsuleswhich they do not need -may lull health authorities into a false sense of security, believing that the children's nutritional needs are being attended to and that no further intervention is required. It also raises concerns of vitamin A excess in those sections of the population that eat liver at least once weekly and, in addition, regularly receive vitamin A capsules.
High-dose vitamin A supplementation is not without risk. Apart from the transient effects such as headache, nausea, vomiting, fever, diarrhoea and bulging of the anterior fontanel (28) , there are indications that vitamin A supplementation may increase respiratory tract infections in vitamin-A-sufficient children (9) . It is hypothesised that pharmacological doses of vitamin A given to children with adequate vitamin A stores may cause temporary dysregulation of the immune system, leading to increased susceptibility to infections (12) . In mice, excessive intake of vitamin A has been shown to increase the risk and severity of asthma by exacerbating allergic airway inflammation and pulmonary hyper-responsiveness (29) . Accidental overdosing during vitamin A campaigns is also a risk, as was seen in India where thirty deaths were reported in children receiving higher than the recommended dosage during a nationwide campaign (30) . Recently there has been growing concern regarding the chronic effects of subclinical vitamin A toxicity. In adults, a long-term intake of preformed vitamin A of only twice the RDA has been associated with osteoporosis and hip fractures, presumably by stimulating bone resorption and inhibiting the ability of vitamin D to prevent Ca loss from the bone (31) (32) (33) . The long-term effect of periodic high-dose vitamin A supplements on the bone health of young children is not known, especially those who are vitamin A sufficient but compromised in terms of other micronutrients.
A limitation of the present study is that it does not include data from children below 1 year of age. It was, however, difficult to obtain blood from this age group. This is unfortunate, because younger children usually have a greater vulnerability to infections and vitamin A deficiency. However, the adequate vitamin A status of the mothers, and the fact that children are being breast-fed for extended periods, makes severe vitamin A deficiency in the under-1 children from this community unlikely.
Conclusions
The virtual absence of vitamin A deficiency in the study community highlights the fact that, although national data from a country indicate a public health problem, there may be pockets within that country that are different due to unique eating habits and local circumstances. Although the results of the present study pertain to only a small section of the South African population, there are indications that people from surrounding areas, where sheep farming is a major activity, have similar levels of liver consumption. An extensive survey is currently underway to establish how many of these 'liver eating' pockets exist in the country and where. Our results have important implications for the national vitamin A supplementation programme, in that the blanket approach in applying the programme may not be appropriate for all areas in the country, even though the community may be poor and undernourished.
